The most recent internationally stated estimates of the amino acid requirements in adult humans are those given in the 1985 report of the Joint FAO/WHO/UNU Expert Consultation on Energy and Protein Requirements. In this review we present, in brief a number of scientific concerns and problems that lead us to conclude that these current recommendations for amino acid requirements are not valid and that the appropriate values are likely to be considerably higher. Following a short review of the C-labelled amino acid tracer studies carried out at the Massachusetts of Technology (MIT) and designed to reassess the requirements for specific indispensable amino acids, we focus particular attention on the lysine requirement in adults. When various criteria and methods are used to estimate this requirement, it appears that a cohesive body of data indicates the mean requirement value for lysine in healthy adults to be about 30 mg/kg/ day or 50 mg/g protein. Although this value contrasts with the FAO/WHO/UNU value of 12 mg/kg/day or 16 ma/g protein, this new, tentative requirement value is consistent with findings from studies carried out earlier at MIT on the nutritional quality of wheat proteins. We propose that it would be prudent to apply the MIT amino acid requirement pattern (see Food and Nutrition Bulletin 1990;12:298-300), rather than the 1985 FAO/ WHO/UNU adult amino acid requirement pattern, in the design and implementation of sound nutrition policies and programmes that include considerations of the amount and quality of the protein component of national and regional diets.
Introduction
A brief assessment is made of the strengths and weaknesses of current estimates of the dietary requirements for the indispensable (essential) amino acids in humans throughout the life cycle, with particular emphasis on the requirements in pre-school children and adults. This topic has been reviewed earlier [15] . Particular focus is given to the lysine requirements of adults, since this indispensable amino acid is most likely to be limiting in the cereal-based diets characteristic of populations in large areas of the developing world [6, 7] . We begin with a restatement of the problem, as previously outlined [8] . We then survey the data generated from a continuing series of studies in our laboratories at the Massachusetts Institute of Technology (MIT) and provide a tentative new estimate of the amino acid requirement pattern based on these studies. We discuss the limitations of these studies and the support that our conclusions have received from our other studies and from those of other investigators. Finally, the implications of our tentative new estimates for food and nutrition policy are considered.
The problem
The current, authoritative, internationally stated estimates of the amino acid requirements in humans at various ages are those in the 1985 report of the Joint FAO/WHO/UNU Expert Consultation on Energy and Protein Requirements [9] . These estimates, for preschool and school-age children and for adults, are summarized in table 1. Except for the requirements for pre-school children, these estimates are taken from a 1973 FAO/ WHO report [11] or are similar to those summarized by others [10] . Histidine  ?  ?  8-10  16  Isoleucine  31  28  28  28  10  13   Leucine  73  66  44  44  14  19   Lysine  64  58  44  44  12  16   Methionine and  cysti c  27  25  22  22  13  17   Phenylalanine and  tyrosine  69  63  22  22  14  19 Threonine 37 34 [9] . b. Also based on a summary by Williams et al. [10] . c. Sulphur amino acids.
We will not discuss dietary amino acid requirements for infants, because the 1985 FAO/WHO/UNU report [9] recommended that these requirements be met by breastmilk. However, it is worth noting that breastmilk provides higher amounts of all the indispensable amino acids than the estimated requirements for infants in the 1973 FAO/UNU report [11] , except perhaps for threonine. Moreover, in a paper presented at the 1994 meeting of the International Dietary Energy Consultative Group (IDECG), Dewey et al. [12] suggested, based on a factorial approach, that the needs for indispensable amino acids in infants three to six months of age were much lower than those in the 1985 FAO/WHO/UNU report [9] . For example, the requirements for lysine were estimated at 63 mg/kg/day by Dewey et al. and at 103 mg/kg/day by FAO/WHO/UNU. For the sulphur amino acids (methionine and cystine), the values were 27 mg/kg/day for Dewey et al. and 58 mg/kg/day for FAO/WHO/UNU. These are very large differences and they demand more careful scrutiny and experimental verification. It is apparent, therefore, that the quantitative needs for indispensable amino acids in the first year of life are still a matter of considerable uncertainty, as has been pointed out earlier [13] . With respect to the requirement figures given in table 1, some points should be made. First, the values for pre-school children are based on studies carried out by investigators at the Institute of Nutrition of Central America and Panama (INCAP), and only a summary of the findings from these studies is currently available in the literature [14, 15] . Thus, a detailed analysis of these important experiments cannot be made at this time. Second, the children who were studied in this series of investigations may not have fully recovered from earlier protein-energy malnutrition, as suggested by the magnitude of the positive nitrogen balances that were obtained in the experimental subjects. For example, at the estimated requirement value for lysine of 64 mg/kg/ day, the children were found to be in a positive nitrogen balance of approximately 80 mg N/kg/day. However, the nitrogen increment in normal 18-month-old boys is only about 18 mg N/kg/day [16] ; according to the data of Pineda et al. [14] , a dietary intake of between 39 and 53 mg lysine/kg/day would have been sufficient to induce this lower rate of daily nitrogen retention. Of course, we do not know whether the children were using dietary lysine more efficiently than might be the case for a normal child. If this were the case, then the total daily amino acid requirements may not have been very different from those of normal and fully repleted children. However, the requirement figures given in table I for pre-school children may turn out to be somewhat higher than the true minimal physiological needs for fully repleted, normal, pre-school children. Additional studies in this age group would be highly desirable. The requirement figures for school-age children are based on the metabolic balance studies carried out at the Institute of Public Health in Tokyo [17] and are designed to help establish the minimal needs for the specific indispensable amino acids in this age group. Thus, in the absence of replication and confirmation of these earlier studies, the reliability of the values given in table 1 for the school-age child is still a question that future research will need to resolve.
The amino acid estimates for adults in the 1985 FAO/ WHO/UNU report [9] were taken directly from the 1973 FAO/WHO report [11] and are based largely on the studies by Rose and co-workers in men [18] and on similar studies by various investigators in women [19] . There are major problems in the design and interpretation of these studies [2 4, 8] . These problems will not be discussed here, but it is our strong recommendation that the results of these earlier nitrogen balance experiments not be used to establish the minimum quantitative dietary requirements for specific indispensable amino acids that are needed to support long-term maintenance of protein nutrition status in adults.
From the foregoing, a case can be made that current knowledge about human amino acid requirements is highly unsatisfactory. There is an urgent need to close our wide gap of ignorance about the amino acid requirements of humans, if rational and safe nutrition policies and programmes, especially in reference to the nutritional well-being and development of populations in developing regions, are to be designed and implemented successfully. Therefore, we have sought new experimental data to support our arguments and to strengthen our previous conclusions [2, 8] , and to make tentative new estimates of the amino acid requirements of humans from pre-school to adult [2, 4] .
New approaches and tentative new amino acid requirement values
Our earlier studies [20--22] have already been reviewed, and the following discussion will focus on our work done during the 1990s. Our experimental approach has involved the application of C-labelled amino acid tracer techniques, the estimation of body amino acid carbon balance at varying test levels of amino acid intake [3, 4, 23] , and the prediction of the obligatory amino acid losses and intakes necessary to just balance these, especially for the amino acids that we have not yet studied directly using C tracers [5] .
Our working definition of the requirement for an indispensable amino acid in healthy individuals is "that minimal intake level which represents a single point on a dose-response curve and that is sufficient to maintain a specific criterion of nutritional adequacy (such as growth performance, body composition, body amino acid balance, or measure of organ [liver, muscle] or system [immune/defence, nervous] function). " For practical reasons we have chosen to use body amino acid balance, as determined by the difference between the intake of the test amino acid (e.g., leucine or lysine) and the wholebody oxidation of that amino acid, as measured by the appearance of the C label of the amino acid in expired carbon dioxide. Measures of organ or system function have not yet been sufficiently explored to permit them to be used for estimating the requirements for specific indispensable amino acids.
From our initial series of C-tracer studies, we estimated the requirements in adults for leucine, lysine threonine, and methionine (without dietary cystine) to be 30-40, 30, 15, and 13 mg/kg/day, respectively [4] . Except for the sulphur amino acid requirement, these estimates are far higher than the 1985 FAO/WHO/UNU values for adults shown in table 1. In addition, we attempted to predict the requirements for those indispensable amino acids that we had not yet studied with the aid of tracer techniques, based on considerations of obligatory amino acid loss (OAAL). This approach has been described in detail elsewhere [2, 5] . We appreciate that for some amino acids, and perhaps lysine in particular, the daily OAAL might be lower than the predicted value. This difference could be due to the possibility that some of the amino acid is retained in the free amino acid pool (possibly in muscle) during the fasting period and then reutilized for protein synthesis when amino acids are again supplied from the ingestion of protein-containing meals. Our preliminary C-lysine oxidation data suggest that possibly one-third of the lysine released via protein breakdown during the fasting period may be retained without undergoing terminal oxidation. However, the revised requirement for lysine discussed below, is based on the lower figures derived from metabolic data rather than on the somewhat higher predicted obligatory lysine loss.
Based on these earlier C-tracer studies and estimates of OAAL, revised values for the amino acid requirements of adults were proposed. These are presented in table 2 expressed in terms of milligrams of amino acid required per kilogram body weight per day. Table 2 also expresses these estimates in the form of an amino acid scoring pattern relating these estimates of mean requirements for specific amino acids to the mean requirement for total dietary protein [9] . The proposed new requirement pattern is quite different from that proposed by FAO/ WHO/UNU [9] . Indeed, our proposed pattern for adults is similar to the FAO/WHO/UNU pattern for the preschool child. The latter is also the amino acid requirement pattern that FAO/WHO [24] has recommended as an interim measure for use in the assessment of dietary protein quality for all humans over two years of age.
Recent 24-hour tracer studies of amino acid requirements
Our earlier C-tracer studies, which provided the basis for the new requirement values for adults given in table 2, involved relatively short-term tracer infusion protocols lasting from three to eight hours. However, because of the existence of major rhythms in amino acid metabolism throughout the day, the value of short-term C-tracer studies for predicting the daily amino acid balance can be questioned [25, 26] . Other criticisms of the design of our tracer studies, including concerns about dietary amino acid imbalances, the level of intake of so-called non-specific or non-essential nitrogen, and the criterion of adequacy (balance calculations), have been addressed elsewhere [2, 4, 8, 27] . The various criticisms of our work do not appear to be of sufficient consequence or to help explain the major differences between our tentative new requirement figures (table 2) and the much lower values that were judged by FAO/WHO/UNU [9] to be adequate for maintenance of long-term nutritional health. Similar conclusions were drawn by Waterlow [28] and by Fuller and Garlick [29] , largely on the basis of their reviews of our studies. However, because we believe that rhythms in amino acid metabolism are of great importance, our more recent studies have included the use of a continuous 24-hour C-amino acid tracer protocol. This modification in our experimental design has been of major value in improving the strength of estimates of human amino acid requirements. These 24-hour studies have shown that the isotope tracer balance concept is valid [30] [31] [32] and have fully supported the conclusions of our earlier, short-term studies that produced far higher estimates of the leucine requirements in adults than those proposed by FAO/WHO/UNU [9] . A summary of our findings for leucine is given in table 3. From these results it is entirely reasonable to conclude that an intake level of 39 mg leucine/kg/day approximates the minimum physiological requirement for this amino acid. Hence, this new intake level, rather than the FAO/ WHO/UNU [9] figure of 14 mg/kg/day, should be adopted for use in any further quantitative consideration of adult human protein nutrition, including issues of dietary protein quality. Waterlow [33] has reached a similar conclusion with respect to our reassessment of the adult requirement for leucine. We have also recently completed three major studies related to C-phenylalanine kinetics over the 24-hour day and estimates of the phenylalanine requirement (in the absence of dietary tyrosine) [34, 35] . Using the estimated rate of conversion of C-phenylalanine to its end product CO 2 in expired air as an estimate of the irreversible oxidation rate of phenylalanine, we find (table 4) that healthy adult subjects are in distinctly negative phenylalanine balance when they are given an intake of phenylalanine (without tyrosine) that is equivalent to about 150% of the FAO/WHO/UNU [9] upper requirement level for aromatic amino acids. However, as would be anticipated, the mean phenylalanine balance was found to be at equilibrium when the phenylalanine intake was either generous (100 mg/kg/day) or at the newly proposed (MIT) aromatic amino acid requirement level of 39 mg/kg/day (see table 2 ). Again, these new studies are consistent with our previous tentative new requirement estimates and they offer further evidence to indicate that the FAO/WHO/UNU [9] values are inappropriate and should now be discarded. 
Estimates of the lysine requirement in adults
Lysine is the first limiting amino acid in most cerealbased diets characteristic of populations in certain areas of the developing world [6] , and it is likely that the protein nutritional quality of these diets could be improved by increasing the supply and availability of lysine Therefore, it is highly important to resolve the uncertainties concerning the minimum physiological requirement for this indispensable amino acid. Twenty-four-hour C-labelled amino acid tracer studies comparable to those described above for leucine and phenylalanine, using both C-lysine and C-leucine tracers and estimations of their body amino acid balances as criteria for evaluating the lysine requirements of healthy adults, are now under way in our laboratories. However, they have not yet reached the point at which we are able to confirm our proposed tentative requirement estimate of 30 mg/kg/ day (table 2) a value significantly higher than the FAO/ WHO/UNU [9] figure of 12 mg/kg/day. Nevertheless, it is worthwhile overviewing the status of our current knowledge about the minimum requirements for lysine in healthy adults, particularly because it is consistent with the tentative requirement value that we propose. Various criteria and methods have been used to estimate the lysine requirement in healthy adults. The nitrogen balance studies carried out by Rose et al. [36] and those by later investigators in men and women [10, 19] , including our own nitrogen balance experiments [38, 39] , are in general similar (table 5). These give estimates of the mean minimal lysine requirement on the order of 9 to 12 mg/kg/day. It might be noted that the FAO/WHO/UNU [9] value of 12 mg/kg/day was taken from the 1973 FAO/WHO report [11] , and was derived from the upper range of the individual requirements found in men and women. Our own data on nitrogen balance are not inconsistent with these values, except that we estimated a nitrogen balance derived requirement figure to be somewhat higher, namely 17 mg/kg/day, when the nitrogen balance data included an estimate of miscellaneous and unmeasured nitrogen losses [37, 38] . These similar findings are not unexpected, because it might be anticipated that nitrogen balance studies carried out in different laboratories should give comparable estimates of the minimum needs for dietary lysine However, the apparent consistency in the data in no way validates the technique or the derived estimates of the requirements for specific amino acids. Indeed, we have illustrated previously why we believe some of the classical balance experiments, and those by Rose et al. [36] in particular, would lead to erroneous requirement estimates [3] . On the basis of earlier short-term C-lysine tracer infusion studies, we estimated the mean lysine requirement as approximately 30 mg/kg/day [38] ; our factorial prediction gave a somewhat higher value of 42 mg/kg/day [4] . Furthermore, preliminary results from our recent 24-hour C-lysine kinetic studies indicate that the minimal requirement for lysine is likely to be much greater than the FAD/WHO/UNU value [9] . However, we have not completed a sufficient number of these C-lysine studies to establish what minimal level of lysine intake might be sufficient to maintain body lysine balance or protein nutritional status over the long term. A group in Toronto has used the so-called indicator amino acid oxidation technique for determining amino acid requirements [39, 40] . This approach is based on the concept that the incorporation of an indispensable amino acid into proteins or its oxidation is dependent on the level of intake of the most limiting amino acid (see FIG. 1 . Schematic presentation of the indicator amino acid oxidation approach for estimating the requirements for specific indispensable amino acids. Here the indicator used is C-phenylalanine [41] ). Thus, when one amino acid is limiting for protein synthesis, the other indispensable amino acids whose intakes are in relative excess will be oxidized. With graded increases in the intake of the limiting amino acid, these other indispensable amino acids will be used to an increasingly greater extent for protein synthesis, and so their rates of oxidation will be gradually reduced. When the requirement for the initially limiting amino acid is reached, the oxidation of the other indispensable amino acids will have been reduced to the point at which no additional change in their oxidation rate occurs with further increases in the dietary level of the limiting amino acid. This point is taken to be the requirement level.
Using the oxidation of L-[13C]phenylalanine [42] as the indicator amino acid, Zello et al. [41] concluded that "the lysine requirement of adult males is three times greater than the World Health Organization recommendation of 12 mg/kg/day. " Recent studies by this group [43] have confirmed their previous estimate of 40 mg/kg/ day, which is consistent with, although somewhat higher than, our new tentative estimate of 30 mg/kg/day. Two additional lines of evidence can be used in support of our view that the lysine requirement value for adults is considerably higher than that derived from nitrogen balance studies and, in consequence, the recommended values proposed earlier by national [10] and international [9, 11] expert groups. The first is in reference to the response of plasma free lysine concentrations to changes in the level of lysine intake. The reason for exploring this aspect of lysine metabolism is that plasma amino acid concentrations are known to be influenced by the level and adequacy of the amino acid intake, with particularly marked changes occurring for the limiting dietary amino acid [44, 45] . Indeed, plasma amino acid changes have been used as a basis for identifying the limiting amino acids in food proteins and for quantifying protein nutritional quality [45] [46] [47] . In our previous studies, we found that amino acid-containing meals produce an increase in the plasma concentration of the non-limiting indispensable amino acids in the diet, as compared with the concentrations found during the fasting (post-absorptive) state. In the case of the "limiting" amino acid, meal ingestion was associated with an increased concentration of the amino acid in plasma only when the meal provided an adequate supply of this amino acid. Below a given dietary level, meal ingestion reduced the concentration of the limiting amino acid below that of the fasting blood values. Hence, the intake level at which a changeover in the prandial/ post-absorptive plasma amino acid response occurs may well correspond closely to the minimum physiological requirement. Thus, with lysine as the "limiting, " or test, amino acid, the observed plasma lysine response was as shown in figure 2 (see FIG. 2 . Relationship between plasma lysine concentrations in fasted and fed states and lysine intake in young adults. Drawn from data of Meredith [37] and Meredith et al. [48] ). These data suggest, again, that the lysine requirement approximates 30 mg/kg/day (table 5).
The second additional line of evidence is based on considerations of the diurnal cycle of feeding and fasting, resulting in gains and losses of body proteins throughout the day in subjects who are in overall nitrogen balance. This area of protein and amino acid metabolism has been explored [49, 50] , with the suggestion that diurnal cycling has important implications for understanding the metabolic basis of the protein requirement [26] . A recent study examined experimental work on nitrogen and amino acid homeostasis in relation to the determination and evaluation of post-prandial protein utilization (PPU) in the human adult [50] . This investigation represents a conceptual development that is quite valuable, in our opinion, and may also be used to further assess and develop an approximation of the minimum lysine requirement in adult subjects.
PPU is defined as protein deposition plus postabsorptive losses/intake [50] . For milk as the test dietary protein source, a value of 0.86 was obtained from metabolic studies [51] . Further, Millward and Pacy [50] have estimated from the results of our studies with amino acid-based diets [22] that when subjects receive the FAO/ WHO/UNU [9] amino acid requirement pattern, the PPU is 0.53. This compares with higher values of 0.74 and 0.70 for amino acid-based diets supplying the MIT and egg patterns, respectively. Again, these calculations imply that the FAO/WHO/UNU [9] amino acid requirement values are inferior to those represented by the new, tentative MIT amino acid requirement pattern for adults.
We can apply the concepts that Millward and his colleagues have developed, concerning the magnitude of the post-prandial retention of protein necessary to balance subsequent post-absorptive losses, to estimate a minimum requirement level of lysine. This estimate is based on the following line of reasoning. First, it is accepted that, for the purposes of this argument, the minimum needs for total protein in adults can be estimated, as illustrated in figure 3 (see FIG. 3 .
Relationship between nitrogen balance, the intake of good-quality protein, and the requirement for protein), from the response of body nitrogen balances measured over relatively short experimental diet periods (e.g., 10 14 days) [9, 52] . Second, it follows that at the requirement intake level for total protein, the post-prandial retention of protein would be just sufficient to balance the subsequent loss of protein during the post-absorptive period in order to achieve a state of nitrogen equilibrium over the 24-hour period. Third, the magnitude of the post-prandial retention of nitrogen (protein= N x 6.25) for subjects consuming 0.77 g/kg/day for 10 days or more was reported to be equivalent to 250 mg protein/ kg/12 h (21 mg protein/kg/h) [51] . These subjects, however, were in a daily negative balance of -9 mg N/kg, and so it is uncertain whether a post-prandial retention of the magnitude observed is actually sufficient to maintain protein homeostasis. Nevertheless, from earlier 13C-leucine tracer studies [53] we found that there was a net whole-body protein synthesis (protein synthesis minus protein breakdown) of about 23 mg protein/ kg/h during the post-prandial period in healthy adults receiving an intake of 0.8 g egg protein/kg/day (see FIG. 4 . Net protein synthesis during the post-prandial period in young adults receiving different intakes of egg protein.
Based on the data of Motil et al. [53] ). This tracer-derived estimate is remarkably close to the nitrogen-balance data of Price et al. [51] , and so a prediction can be made of the amount of dietary lysine minimally required to achieve this level of post-prandial protein retention or of net protein synthesis. Hence, assuming that the lysine content of the protein retained is 78 mg per gram crude protein [54] , and that at a requirement level of lysine intake the efficiency of lysine retention is 80%, then the minimum lysine intake to support this gain and subsequent loss of body protein would have to be 27 mg/kg/day. This value is also comparable to most of the lysine requirement estimates discussed above, except, of course, for the far lower estimates based on nitrogen balance and the FAO/ WHO/UNU recommendations [9] .
There is a cohesive though limited body of data indicating that the mean requirement value for lysine in adults is probably in the region of 30 mg/kg/day (table 5) . When expressed per unit of the mean protein requirement, the lysine requirement pattern would be 50 mg per gram of protein. Again, this far exceeds the FAO/WHO/UNU [9] value of 16 mg lysine per gram of protein. The question now arises, therefore, as to whether there are additional experimental data to support this new tentative requirement value of 50 mg lysine per gram of protein.
Nutritional quality of wheat protein in adults
The revised estimate of the lysine requirement in adults, 30 mg/kg/day, has implications for the nutritional quality of wheat proteins. Thus, it is worth considering this important plant protein source as a basis for evaluating the validity of the foregoing analysis of the lysine needs of healthy adults [55] . The lysine content of wheat products is summarized in table 6, together with the lysine content of a number of FAO/WHO amino acid scoring patterns. In addition, the usual concentration of lysine in most animal proteins and legumes [57] and that for the MIT requirement pattern are given for comparison in table 6. Therefore, if an amino acid score ([amino acid content in the food protein/amino acid content in the reference amino acid requirement pattern! x 100) is calculated for wheat flour, it would be greater than 100 when the 1985 FAO/WHO/UNU [9] amino acid requirement pattern for the adult is used as the reference pattern (table 7) . This means that the nutritional value of wheat would be equal to that of high-quality animal protein foods, such as milk, egg, or meat [9] . On the other hand, for scoring purposes, the FAO/WHO/UNU [9] pre-school amino acid pattern (or the FAD/WHO pattern [24] ) predicts a relative nutritional quality of 41%, and with the MIT pattern the score predicts a slightly higher value of 48%. In each case, lysine is determined to be the most limiting amino acid. These latter and lower estimates of the nutritional quality of wheat proteins in adults are consistent with the results of nitrogen balance experiments in healthy adults carried out at MIT approximately twenty years ago [58] . Notwithstanding the problems that are faced in attempts to aggregate nitrogen balance data across separate studies carried out in different laboratories or within the same laboratory on different occasions [59] , our observations support the conclusion that the 1985 FAO/WHO/UNU lysine requirement value of 12 mg/kg/day for the adult should be discarded. Further, they provide additional justification for the tentative working value of 30 mg/kg/ day proposed above (or 50 mg lysine per gram of protein), and they strengthen our recommendation that this figure be used until additional data become available that may make any further change in the recommendation both necessary and desirable. a. Expressed in comparison with beef protein as reference protein [58] .
Worldwide applicability of estimates of indispensable amino acid requirements
If it can be accepted that the tentative new amino acid requirement values given in table 2 represent a better approximation of the minimal physiological needs for well-nourished, healthy subjects studied largely in North America, it is legitimate to ask whether the amino acid requirements of individuals in developing regions, particularly where protein and/or dietary lysine are likely to be more limiting, are similar to or different from those given above. Although the current international FAD/ WHO/UNU [9] amino acid requirement values, based largely on studies conducted in young adult American subjects, are recommended for application worldwide, our reassessment of the requirements for indispensable amino acids emphasizes the need to consider this nutritional-metabolic issue more critically than hitherto. Unfortunately, there have not been any relevant 13C-tracer studies in subjects outside North America that directly explore this important practical issue. Hence, the Global Cereal Fortification Initiative (GCFI) of Ajinomoto Co., Inc., and Kyowa Hakko Kogyo Co., Ltd., Japan, is now sponsoring a multicentre study designed to confirm our new estimate of the lysine requirements of healthy adults (table 2) and its applicability in other populations. The results to be obtained from these studies within one or two years are expected to give a reasonable indication of the approximate minimum lysine needs of healthy Indian and Thai young adults, whose usual lysine intake levels are likely to be below those of the US subjects that we studied at MIT. This is an exciting and important development with profound implications for international nutritional and metabolic investigation and the value of studies on nutritional requirements in humans.
Furthermore, there are few relevant data that can be used to predict whether the indispensable amino acid needs, and the lysine requirements in particular, are similar or different among these various population groups. Studies of obligatory nitrogen losses in US [60] [61] [62] , Chinese (Taiwan Province) [63] , Indian [64] , Nigerian [65, 66] , and Japanese [67] men reveal that they are remarkably uniform [68] . This implies similar OAALs and similar dietary requirements for indispensable amino acids [5] . This would be so unless there were evidence that the efficiency of specific amino acid retention differed among apparently similar subjects in the population groups. According to FAO/WHO/UNU [9] , nitrogen balance studies have not revealed any striking differences in estimates of total protein requirements, in relation to body cell mass, in studies of well-nourished subjects in different countries. Earlier studies suggesting that Nigerian men of low income are adapted to lowprotein diets and utilize dietary protein more efficiently [65, 69] than, for example, US students [61] are not appropriate to answer this question. Indeed, they are probably flawed because the nitrogen balance results in the subjects studied indicated that they were depleted and that they were undergoing a body protein repletion response to the good diet given during the course of the experiments. Later studies in young Nigerian adult males [70] indicate that at maintenance nitrogen intakes, the efficiency of dietary protein utilization is essentially the same as that for caucasian and Asian subjects.
In summary, it seems rather unlikely that there would be any major differences in the minimal physiological requirements for lysine among groups of normal healthy adults of different genetic, nutritional, and environmental background. The ongoing GCFI-sponsored multicentre studies should provide evidence to support or refute this view. Thus, the GCFI study is potentially of great practical and international significance, and it is the authors' hope that there soon will be a broader appreciation for this fact by national and multinational authorities concerned with improving the nutritional well-being of underprivileged populations worldwide.
Conclusions and implications for nutrition policies and food programmes
Despite the economic, social, and human dimensions of protein-energy malnutrition in large areas of the developing world, current knowledge about the quantitative needs both for dietary energy and for the indispensable amino acids that are supplied by our food protein remains inadequate. In 1973 a group of senior investigators in the United Kingdom asked the rhetorical question "How much food does a man require?" [71] . Since that time, there has been a considerable amount of research on this topic. This follow-on effort has been facilitated by the development in a number of countries, including the United States, of whole-body calorimeters and by the application of the doubly labelled water technique, which permits a non-invasive, quantitative measure of energy expenditure in free-living individuals [72] [73] [74] [75] . Hence, the energy requirements of individuals of all ages, from infants [76, 77] to the elderly [78] , are now being refined and the database is being expanded. With reference to the requirements for indispensable amino acids, equivalent advances in technique have been slower to occur, and therefore their application has also been less extensive to date, in comparison with the explosion of studies involving use of the doubly labelled water method. However, it is encouraging to note that the application of amino acid kinetics and, by extension, the 13C-tracer balance method represents one of the most important developments in recent years with respect to the study of human amino acid requirements [28] .
Based on these tracer-derived data, it is our view that the new, tentative requirements for indispensable amino acids represent the best available approximations of the needs for these nutrients in adults. Hence, we recommend that they be used as a rational basis for the formulation of amino acid mixtures, or of protein sources, intended for meeting the nutritional support of individuals in institutional settings; the determination of the composition of enteral products is a case in point. Furthermore, these newly proposed values for the amino acid requirements of adults serve, in our view, as a credible benchmark for assessing the quantitative impact of disease and trauma on amino acid requirements. They should aid, therefore, in the design of parenteral nutritional formulations and, hopefully, lead to improvements in their efficacy for supporting the nutritional and metabolic needs of patients in a catabolic state.
Finally, as pointed out above, the revised requirements for adults are similar to those of young children when expressed in relation to the need for dietary protein.
On this basis, considerations of dietary protein quality become important in reference to adult human protein as well as in relation to the nutritional well-being of the younger age groups. This challenges the current dogma, as reflected by FAO/WHO/UNU [9] , that indigestibility appears to be the most important factor determining the capacity of the protein sources in a usual mixed diet to meet the protein needs of adults. However, as has been stated by Berg and Singer [79] in their assessment of the historical background behind the now dominant use of recombinant DNA technology in biology, changes in human thought and technological developments lead to new issues that challenge traditional ideas. We presume that the 13C-tracer techniques used by our group and others represent another, perhaps small, advance in nutritional investigation. We recommended that the adult amino acid requirement values, referred to as the MIT Amino Acid Requirement Pattern, now be used to establish the quantitative profile of the amino acid component of an adequate diet. The new amino acid requirement pattern should be of greater value in identifying the nature and extent of the limiting indispensable amino acid(s) in national and regional diets. This pattern should be of particular assistance to those responsible for developing sound food and nutrition policies and programmes. The pattern should also be useful for evaluating the economic, social, and cultural merits of dietary protein complementation, food protein supplementation, and specific amino acid fortification, such as lysine fortification of wheat flour, as alternative or perhaps simultaneous approaches for improving the nutritional value of diets based predominantly on cereals.
